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SYSTEM AND METHOD FOR
STIMULATING NIGHT VISION GOGGLES

FIELD OF THE INVENTION

The present invention relates generally to visual display
systems and methods and, more particularly, to a system and
method for stimulating night vision goggles.

BACKGROUND OF THE INVENTION

Visual display systems are commonly used to simulate
fraining environments where traming through actual opera-
tions would be dangerous, expensive or otherwise 1mprac-
tical. One common application for visual display systems 1s
flicht stmulation. Conventional flight simulators typically
include one or more video display screens onto which video
images are projected by one or more projectors, such as
cathode ray tubes (CRTs). Flight simulators also usually
include a control panel and a joystick for providing input to
the visual display system 1n response to the displayed video
images. The control panel and surrounding pilot environ-
ment are often realistic simulations of the controls and
displays present in the actual aircraft. Thus, the operator can
simulate the flight of an aircraft and can respond to the
environment as depicted by the visual display. One primary
objective of flight simulators 1s to enhance and optimize the
simulated 1mages to present the operator with a high fidelity
and realistic training environment.

Pilots often use Night Vision Goggles (NVGs) to enhance
vision during night operations. The U.S. military currently
uses night vision goggles which intensify light in the near
infrared portion of the spectrum. Modern night vision
gogoles are an accessory to the aviator’s helmet and are
lightweight, self-contained and battery-operated. By tuning
the spectral response of the night vision goggles, compat-
ibility with the greenish-blue aircraft cockpit 1llumination
has been achieved and full utilization made of the longer,
reddish wavelengths, which predominate 1n the light that
falls naturally on the earth in the nighttime. Night vision
cgogeles have luminous gain 1 excess of 100,000 foot
lamberts per foot candle and provide resolution and contrast
under some conditions approaching that of the unaided eye
in daylight. Increased emphasis on night operations coupled
with the trend toward reduction in flying time have led to
growling concerns about safety and significant need for high
fidelity NVG training, particularly 1n the military sector.

There are two basic types of existing NVG visual display
systems for use 1n training: NVG simulation systems and
NVG stimulation systems. Simulation systems provide fully
simulated NVG mmagery projected onto displays and do not
allow the trainee to use actual night vision goggles. Stimu-
lation systems, on the other hand, use a light generated
display to artificially stimulate actual night vision goggles to
react as they would 1n true nighttime operations. It 1is
recognized in the field, particularly by military training
personnel, that existing NVG display systems of both types
are 1nadequate.

Prior systems that have unsuccesstully attempted to pro-
vide full and realistic NVG ftraining include large dome
systems, such as the McDonnell Douglas developed Night
Attack Weapons Systems Trainer (stimulation type) and the
Evans and Sutherland VistaView™ (simulation type); col-
limated flight simulation displays such as mirror beam
splitter and off-axis display systems; helmet-mounted direct
NVG stimulators such as the Evans and Sutherland Nite-
View™ gsystem; and various helmet-mounted simulated dis-

plays.
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These previously existing NVG ftraining systems are
incapable of providing full and realistic NVG 1magery, do
not accurately replicate the fit and feel of actual night vision
cogeoles, and/or fail to fully integrate non-NVG enhanced
imagery, such as instrument panels, cockpit lighting, and
out-of-cockpit imagery visible to the unaided eye by looking
around the goggles. Stimulation systems operating with
large dome displays do not provide the wide dynamic range
necessary to replicate the optical effects encountered when
using night vision goggles 1n actual operations. Collimated
displays have low fields of regard, generally considered
msuflicient for many applications, such as realistic fighter
pilot simulation. Helmet-mounted systems are heavy and
cumbersome and restrict the operator’s head movement,
provide no interaction with the crew station, and do not
allow full viewing of imstrument panels, cockpit lighting,
and out-of-cockpit imagery. In addition to the fit and crew
station 1ntegration problems inherent in all helmet mounted
systems, helmet mounted stimulated displays cannot provide
an actual view of the aircraft heads up display (“HUD”’) and
must incorporate a simulated HUD 1into the stmulated NVG
display. The resolution of the minmiature CRTs used 1n
simulated NVG displays 1s significantly less than the reso-
lution of actual might vision goggles. This reduction in
resolution results in a lack of realism, particularly for HUD
simulation.

Rear projection systems are favored for daytime training
because they produce high fidelity imagery within a large
field of regard, but, until now, have been incapable of
providing realistic NVG stimulation. Rear projection dis-
plays have come into favor for use 1n visual systems for
daytime tactical training because of their high contrast and
suitability for forming very large fields of regard by juxta-
posing multiple screens. These characteristics are also
highly desirable for NVG training. However, developers of
NVG training systems have heretofore been unable to over-
come two basic problems associated with NVG stimulation
utilizing rear projection display, namely providing
extremely wide dynamic range and adequate depth of focus.

Developers of NVG stimulation systems utilizing rear
projection have previously been unable to create a system
that provides extremely wide dynamic range (as much as
140 dB) of light intensity typically encountered in the night
environment. The range of natural night sky 1llumination 1s
three orders of magnitude from overcast sky to a clear night
sky (full moon). In addition to the natural night sky ambient
illumination, pilots are exposed to directly viewed light
sources, 1ncluding artificial light sources such as street
lights, airfield lighting, car headlights, weapon eflects,
explosions, and NVG jammers. On a single night mission an
aircrew may encounter extremely low ambient light condi-
tions of the natural night sky and very bright artificial light
sources 1n the same field of view. Extremely wide dynamic
range 1s critical to reproducing this full range of 1llumination
for realistic nighttime training.

In addition, bright artificial light sources create what 1s
commonly referred to as the halo effect when viewed
through night vision goggles. That 1s, when bright point light
sources are directly viewed through night vision goggles, the
pilot sees a bright central dot surrounded by a larger, circular
oglow. This “halo” reduces the pilot’s ability to distinguish
detail 1n the background areas of the scene. Developers have
thus far been unable to produce rear projection NVG system
with a dynamic range of at least 140 db. Tests have shown
that 140 db 1s the minimum required to portray the irradiance
of the naturally 1lluminated nighttime scene, and also accu-
rately reproduce the halo effect by stimulating the night
vision goggles as 1f by bright artificial light sources.
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A second basic problem that developers of rear projection
NVG systems have previously been unable to overcome 1s
providing sufficient depth of focus when attempting to
stimulate night vision goggles using close proximity rear
projection displays. Because flat panels are used 1n these
displays, the viewing distance 1s relatively short and tends to
vary by a large amount between the center and extremes of
cach panel. Commonly used types of night vision goggles
have objective lenses, which can be focused to the nominal
viewling distance. However, the fast objectives required by
night vision goggles for maximum light gathering cannot
maintain focus for wide variations in object distance. Pre-
vious attempts to solve this problem by the obvious method
of reducing the diameter of the entrance pupil to the NVG
objective lens have been effective 1n increasing the depth of
focus, but at the cost of further limiting the already marginal
dynamic range of the display.

For the foregoing reasons, there 1s a strong need for a
system and method for full and realistic stimulation of night
vision goggles that provides extremely wide dynamic range
and adequate depth of focus. Preferably, the system would
be compatible with high fidelity daytime visual displays
utilizing rear screen projection and would allow the pilot to
use substantially unmodified, conventional night vision

goggoles.
SUMMARY OF THE INVENTION

The above-mentioned needs are met by the present
invention, which is used to stimulate a pair of conventional
night vision goggles 1n a conventional flight simulation
environment through a large dynamic range of light inten-
sitiecs. The display system for stimulating the night vision
goggles of the present invention preferably includes image
generation means for generating video signals that prefer-
ably comprise both conventional visible background video
and high-fidelity NVG video signals. The system further
includes a background 1mage projector that is responsive to
the visible background video signals produced by the image
generation means for projecting background images and an
NVG image projector that projects NVG imagery responsive
to the NV G video signals produced by the 1mage generation
means. The NVG 1magery 1s preferably capable of stimu-
lating the night vision goggles and, to stimulate the night
vision goggles across a wide dynamic light intensity range,
includes both near infrared raster 1magery and calligraphic
Imagery.

The preferred stimulation system incorporates 1mage pro-
cessing means for controlling the NVG 1mage projector such
that the NVG 1mage projector displays the near infrared
raster 1magery and the calligraphic imagery in a time-
multiplexed fashion. That 1s, within a single display frame
(e.g., a 60 Hz frame), the NVG 1mage projector displays the
near nirared raster imagery for a portion of the frame and
then displays the high-intensity calligraphic imagery for the
remaining portion of the display frame.

According to one embodiment of the stimulation system,
the system provides a passive means to reduce or limit the
size of the entrance pupil of the night vision goggles while
the raster imagery 1s displayed such that the imagery may be
viewed with a full depth of focus. The size of the entrance
pupil 1s then increased while the high intensity calligraphic
imagery 1s displayed. Preferably, the size of the entrance
pupil 1s controlled 1n sync with the time-multiplexed display
of the raster and calligraphic imagery.

In a preferred embodiment, the night vision stimulation
system determines the head position of an operator (e.g., a
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pilot) of the stimulation system and the NVG video signals
are generated 1n accordance with the operator’s line of sight.
The NVG 1mage projectors include a means for deflecting
the output of the projector to position the imagery along the
operator’s line of sight. Once the NVG projectors are
positioned along the operator’s area of interest, the calli-
oraphic 1magery may be displayed using secondary detlec-
tions that modulate the position of the NVG 1mage projector.

Additionally, the present mvention includes a method of
displaying images to stimulate night vision goggles. The
method preferably generates video signals comprising vis-
ible backeground video and NVG video signals and then
projecting both the background images and the NVG 1mages
responsive to the generated visible background and NVG
video signals. Again, preferably, the NVG 1mages are
capable of stimulating the night vision goggles across a wide
dynamic range and include time-multiplexed near infrared
raster 1magery and calligraphic imagery. Preferably, the
NVG 1magery 1s polarized and selectively rotated synchro-
nously with the time-multiplexed projection of the near
infrared raster images and the calligraphic imagery such that
the near infrared raster images are projected as the polarized
NVG 1mages are rotated and the calligraphic images are
projected as the polarized NVG 1mages are not rotated. The
polarization and selective rotation of the 1mages acts as a
binary 1ris extending the dynamic range of the system while
maintaining sufficient depth of focus for high detail raster
imagery. Thus, the presently preferred invention is capable
of stimulating night vision goggles worn by a pilot 1n a flight
simulation environment while significantly reducing or
climinating the depth of focus problem typically associated
with conventional systems for simulating or stimulating
night vision goggles.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages of the
present invention will become better understood with regard
to the following description, appended claims, and accom-
panying drawings wherein:

FIG. 1 1s a perspective view 1llustrating a composite
display of raster and calligraphic 1imagery used to stimulate
night vision goggles according to the present invention,
wherein the 1magery 1s displayed 1n the field of view of the
operator of the system and upon a visible light multiscreen
background display;

FIG. 2 1s a block diagram showing the presently preferred
major components of one embodiment of the present inven-
tion;

FIG. 3 1s a diagram 1illustrating certain components used

in the present invention to control the multiplexed projection
of near infrared raster and calligraphic imagery;

FIG. 4 1s a timing diagram illustrating the multiplexed
timing relationship for the raster and calligraphic modes;

FIG. § 1s a diagram 1llustrating the deflection of the image
projectors used to display the raster and calligraphic imagery
according to the present 1invention; and

FIG. 6 1s a graph illustrating the range of chromaticities
required to accurately represent various 1mages 1n an aircraft
flight stmulator.

These drawings are provided for illustrative purposes only
and should not be used to unduly limit the scope of the
present 1nvention.

DETAILED DESCRIPTION OF THE
INVENTION

The night vision stimulation system of the present mnven-
tion may preferably be used to provide the operator with the
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large dynamic range (e.g., 140 dB) of light intensities
typically encountered during night flight operations by dis-
playing both raster and calligraphic 1images 1n a night vision
arca of interest centered about the operator’s visual line of
sight. The raster mode 1s used to display the computer-
generated, physics-based, 1rradiance-mapped model of the
sky-horizon-terrain scene. This model includes three-
dimensional textured images of natural and man-made
features, navigational reference points and targets generated
for the current aircraft position and pilot head orientation
and presented within the NVG area of interest. This night
vision arca of interest preferably includes high resolution
imagery superimposed over conventional background 1mag-
ery to create a realistic simulation of nighttime flying.
Imagery 1s 1mage intensified when using conventional night
vision goggles and visible to the unaided eye 1n the visual
periphery and directly when looking around the goggles. In
the calligraphic mode, only those light sources or reflectors
that have suflicient intensity to produce the “halo” effect are
portrayed.

As described herein 1n a preferred embodiment, the night
vision stimulation system can be used as part of a tlight
simulation system that 1s employed to train military, com-
mercial or other personnel to fly aircraft at nmight while
wearing night vision goggles and to appropriately respond to
particular flight situations, especially situations that only
occur while employing night vision goggles. The principals
of the visual display system described herein, however, can
also be employed to simulate other environments and to
train personnel for other operations without departing from
the spirit and scope of the present imvention.

As shown 1 FIG. 1, the night vision stimulation system
1s preferably used 1n conjunction with a convention flight
simulation system such as, for example, the F-18 CV/WST,
manufactured by The Boeing Company, the assignee of the
present invention. Preferably, such a simulation system
typically includes a plurality of display screens 50a—50d
(collectively referred to as reference no. 50) onto which is
projected 1images depicting an out-the-window scenario. The
operator of the simulation system 1s positioned 1n a simu-
lated cockpit that may include conventional cockpit com-
ponents such as a throttle and flight stick (having associated
controls and switches), a number of head-down cockpit
displays displaying various navigation, situational and tac-
fical information, and either a real or simulated head-up
display. In order to use the preferred stimulation system, the
operator wears a set of convention night vision goggles,
which, unlike many prior simulation or stimulation systems,
are substantially unaltered.

The visual 1mages generated by the night vision stimula-
fion system are projected onto a plurality of conventional
rear projection display screens 50, for example, conven-
tional flat screen panels capable of displaying color images
projected from rear projection projectors. Preferably, the
display screens 50 do not alter the polarization of the light
as the light (i.e., imagery) passes through it. The number of
display screens 50 1s dependent on the degree of realization
desired 1n the simulation. For example, for a simulation of
the forward 216° of the operator’s vision, four display
screens S0 would normally be used. For example, as shown
in FIG. 1, a center display screen 50a 1s positioned directly
in front of the operator and normal to the operator’s line of
sight (when facing forward out of the cockpit). A second
display screen 3500 1s preferably positioned adjacent to and
substantially above display screen 50a and 1s generally used
to project images that are above the operator’s line of sight
(again, when facing forward out of the cockpit). Display
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screens S0c and 504 are preferably positioned to the left and
right, respectively, of the center display screen 50a. The
angle between the four display screens 50 may be adjusted
from 90 to 180 degrees, and 1s typically 108 degrees. The
display screens 50 1llustrated in FIG. 1 may be supplemented
by an additional three display screens behind the operator to
present a full 360° of viewing. Of course, the visual display
system of the present invention need not include all four
display screens 50, but can include as few as one display
screen without departing from the spirit and scope of the

present 1nvention.

As further shown 1n FIG. 1, the preferred embodiment of
the mvention includes a night vision image 52 displayed at
an area ol interest that overlays near imfrared imagery
(generally visible only to an operator wearing night vision
goggles) upon a visible light rear projected multiscreen
background 1mage. The dimensions of the night vision
image 52 generally correspond to the field of view of a
typical set of might vision goggles, e.g., 30 to 40 degrees
circular. The display system creates a wide instantaneous
background field of view and a wide field of regard head
tracked night vision 1mage. The composite display 1s rear
projected onto the array of flat rear projection screens S0.
The night vision 1mage has a smaller size and a higher
resolution than the background 1image 1n order to provide the
operator with additional detail and higher fidelity 1n the arca
of interest that the operator 1s viewing through the night
vision goggles.

Preferably, each screen 50 has at least two dedicated
projectors to display the background and night vision
images. When the field of view of the night vision goggles
overlap adjacent screens 50, multiple projectors are required
to be active. Because the night vision 1image 1s not usually
viewed about the normal from the eye point to the plane of
the projection screen 50, it 1s preferred that the computer
image generator used to generate the night vision 1mage
incorporate a special offset prospective projection to provide
frue perspective 1magery when viewed from the pilot’s
eyepoint.

Turning now to FIG. 2, the night vision stimulation
system 10 preferably includes a conventional aircraft simu-
lation model 13, that generates and controls visual and
environmental parameters 15 such as, for example, the
operator’s aircraft position and attitude, the position and
type of airborne and ground station targets displayed 1n the
simulation, time of day and other required flight and tactical
situation information. The system also includes a conven-
tional head tracking system 16, which 1s mounted above or
near the operator’s head and tracks the horizontal, vertical,
and rotational movement of the operator (not shown) and
provides the operator’s head orientation 23 (which com-
prises a three-dimensional position and a vector describing

the operator’s line of sight) to the visual system controller
11.

The visual system controller 11 preferably mtegrates all of
the other functional elements 1nto a synchronized and coor-
dinated system. The visual system controller 11 receives the
operator’s head orientation 23 from the head tracking system
16 and receives the visual environment parameters 15 from
the aircraft simulation model 13. As 1s known, the head
tracking system 16 tracks the line-of-sight of an operator of
the nmight vision stimulation system 10 so that the night
vision stimulation 1mage can be positioned in the line of
sight of the operator. Based upon this received information
15, the visual system controller 11 provides viewport param-
eters and environment commands 25 to an 1image generator
12 and provides data and control signals 17 to the night
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vision 1mage controller 14. The data and control signals 17
preferably include the position (i.e., X and Y deflections)
and size of the night vision image (i.c., that portion of the
display corresponding to the operator’s line of sight onto
which the high resolution video images used to stimulate the
night vision goggles will be presented). The data and control
signals 17 also include other conventional information
required to 1nitialize, test and operate the projectors used 1n
the night vision stimulation system 10.

The 1image generator returns data 27 about the simulated
visual environment to the visual system controller 11. This
data includes such information as the distance to the nearest
visible object along a particular line of sight or the occur-
rence of an intersection of the eyepoint with the visible
terrain.

The preferred night vision stimulation system 10 mcludes
image generator 12, a conventional component of visual
display systems capable of providing video signals repre-
sentative of three-dimensional 1mages at a predetermined
frame rate, which generates all of the video to be displayed
to the operator as part of the simulation, including visible
and near 1nfrared 1images for stimulation of the night vision
cgogoles 30. The video signals generated by the image
ogenerator 12 are representative of the plurality of 1mages
(i.e., the background and near infrared raster and calli-
graphic images). As described above, the image displayed
on the display screens 50 includes a background image
having a predetermined size and resolution. In order to
display this backeround video, the background image is
cgenerally generated by the image generator, which provides
red, green and blue background video signals 40 to the
background projectors 18. The background video signals 40
include data used by the background projectors to form the
elements of the nighttime environment (i.e., sky, horizon,
and terrain) seen by the unaided eye when the night vision
cgogeoles 30 are not worn or when the pilot looks around the
cgogoles 30 during the simulation session. The 1image gen-
erator 12 also provides visible and near infrared video
signals 42, which include information sufficient to prOJect
both raster and calligraphic 1magery, to the night vision
projectors 22. Additionally, the 1image generator 12 prefer-
ably provides visible green video signals 44 to the green
image projectors 20. The 1mage generator 12 preferably
produces the frames of video 1images that form the video
signals 40, 42, and 44 at a predetermined frequency or frame
rate such as, e.g., 60 Hz.

The 1mage generator 12 also generates and provides
calligraphic light point x-y position and intensity signals 46
to the night vision 1mage controller 14. These position and
intensity signals 46 correspond to the operator’s area of
interest, 1.e., the portion of the viewing screen(s) S0 to which
the operator’s vision 1s currently directed. The signals 46 are
sufficient to command the night vision image controller 14
and the night vision projectors 22 to display calligraphic
images, such as, for example, city or vehicle lights, airfield
lighting, aircraft anti-collision lights, beacons or NVG jam-
Mming SOUrces.

The night vision image controller 14 contains all of the
special purpose electronics and processing required to drive
and control the night vision projectors 22 and the green
image projectors 20 including controlling both the raster
mode of display as well as display of calligraphic 1images 1n
the operator’s area of interest. Thus, the night vision image
controller 14 provides CRT control signals 21 to the green
image projectors 20 and the night vision projectors 22.

A plurality of background projectors 18, at least one of
which 1s associated with each display screen 50, receive the
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visible red, blue, and green background video signal 40 from
the 1mage generator 12 and, 1n response to such signals,
generate low resolution background imagery (which is gen-
erally not tracked or associated with the operator’s line of
sight). The background projectors 18 are generally RGB
projectors, such as model 3600 manufactured by Ampro,
Inc., which projects a background 1mage having red, green
and blue color components. However, a monochrome back-
oround projector that produces a monochromatic back-
oround 1mage can also be employed. The background 1mag-
ery 1s visible in the peripheral field outside the operator’s
area of interest (1.e., the portion of the visual environment
corresponding to the operator’s line of sight) and, thus, may
be fairly low resolution (e.g., 10 arc-minutes per optical line
pair). Preferably, one background projector 18 is used for
cach display screen 50 included within a particular configu-
ration of the present mnvention.

Preferably, the night vision stimulation system 10
includes one night vision projector 22 for each display
screen to provide near-infrared raster and calligraphic 1mag-
ery to stimulate the night vision goggles 30. The night vision
projectors 22 include a special purpose min-raster/
calligraphic projector, which projects images having red and
near 1nirared color components, displaying images onto a
cathode ray tube having a phosphor coating that overlaps the
visible and near infrared portions of the optical spectrum.
The night vision projectors 22 also preferably include a
conventional lens that maintains uniform resolution over the
entire active areca of the CRT phosphor screen. The night
vision projectors 22 receive CRT control signals 21 from the
night vision image controller 14 to position, focus and set
the brightness of the video raster and calligraphic light
points. The night vision projectors 22 receives the visible
and near 1nfrared video signals 42 from the image generator
12. As described below, the night vision projectors 22 may
be used to provide high resolution red and green visible
imagery as part of a daytime simulator visual system. When
in the night vision goggles stimulation mode, the system
may include a near infrared longpass filter (not shown)
disposed between each of the night vision projectors 22 and
the associated display screens 50 to block the projection of
visible light. Typically the filter 1s a longpass filter having a
cut-off frequency of approximately 665 nanometers such
that the resulting night vision image 1s barely visible as a
ogenerally reddish haze to the unaided eye. However, when
viewed through night vision goggles 30, the resulting night
vision 1image 1s within the predetermined frequency range of
the gogeles such that the operator can readily view the night
v1s1on 1mage.

The night visual stimulation system 10 may optionally
include a plurality of green 1image projectors 20, used to
display conventional green raster images. The green 1mage
projectors 20 mclude the same essential components as the
above-described night vision projectors 22 (including a
projector, cathode ray tube, and lens). The green image
projectors 20 receive the visible green video 44 from the
image projector 12 and the CRT control signals 21 from the
night vision image controller 14. The green image projectors
20 then display visible, high resolution green raster imagery
onto the display screen(s) S0.

Preferably, as described 1in more detail below, the night
vision stimulation system 10 includes devices to switch the
size of the NVG entrance pupil between large and small
states depending upon the polarization of the incident light.
The entrance pupil size 1s preferably switched from a fully
open diameter up to 1 inch to a stopped down diameter of 0.1
inch or less. A preferred device 1s a small, passive element,
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such as, for example, the polarization analyzer 26, which
slips on the front of the objective lens of the night vision
cogoles 30 and may be easily removed at the end of the
training session. The polarization analyzer 26 preferably
does not alter the form, fit or weight of the night vision
cgoggles to any noticeable degree.

In its preferred embodiment, the night vision stimulation
system 10 operates 1n a time-multiplexed fashion, switching
between a raster mode and a calligraphic mode. This time-
multiplexed feature only effects the 1magery displayed
within the NVG field of view by selecting the type of
imagery (raster or calligraphic) displayed by the night vision
projectors 22. The raster mode 1s used to stimulate the night
vision goggles 30 through the full 60 db dynamic range of
the naturally illuminated nighttime scene. Preferably, the
image generator 12 produces at least 10 bits of resolution per
pixel (i.e., picture element within the projection CRTSs) to
support the raster mode. All naturally 1lluminated database
terrain as well as all natural and cultural features are
displayed 1n the raster mode. The calligraphic mode 1s used
to stimulate the night vision goggles 30 at intensity levels
comparable to those encountered when intense artificial light
sources are viewed directly, 1.e., street lights or aircraft
anti-collision lights.

FIG. 4 provides a timing diagram, illustrating the rela-
tionship between the raster and calligraphic modes. Assum-
ing that the might vision stimulation system 1s using the
preferred update rate of 60 Hz, each display frame extends
for 16.67 msec. During a first portion of each display frame
(identified as “A” on FIG. 4), which may extend, for
example, for 1 to 2 msec, the night vision projector 22
displays calligraphic 1imagery. During the remainder of the
60 Hz display frame, the night vision projector 22 displays
near 1infrared raster imagery. When the calligraphic imagery
1s alternated with the near infrared 1imagery at a 60 Hz rate,
a full 140 dB of dynamic range 1s provided for realistic
stimulation of the night vision goggles 30.

Preferably, the night vision stimulation system 10 of the
present invention includes a means for controlling and
optimizing the entrance pupil of the night vision goggles 30.
The entrance pupil of the night vision goggles 30 1s prefer-
ably limited during the period of time the night vision
projector 22 1s projecting near 1nfrared raster imagery so that
full acuity 1s maintained in the night vision goggles 30
regardless of the operator’s head orientation or position.
However, during the display of calligraphic images, the
entrance pupil of the night vision goggles 30 1s preferably
fully open so that the image intensifiers of the night vision
cgogeoles 30 may be stimulated through the full range of light
source elfects. The entrance pupil may remain fully open
because the 1maging of intense point light sources represents
a breakdown 1n the normal low light level imaging.

In order to optimize the size of the entrance pupil of the
night vision goggles 30, the present invention incorporates
the principles of a binary iris as shown 1n FIG. 3. During the
display of calligraphic images, light (i.e., the images) exiting
the night vision projector 22 1s preferably polarized by a
convention 1imaging polarizer 32a. The polarized image then
passes to a rotator 32b, which 1s preferably a fast-switching,
active liquid crystal device such as, for example, the p1-cell,
which 1s capable of rotating light. Preferably, the rotator 325
may rotate the light linearly (as shown in FIG. 3) or
circularly.

During the calligraphic mode, the rotator 32b remains in
an un-rotated position allowing the light to pass through
unaltered. The light then encounters the polarization ana-
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lyzer 26 having nearly the same polarization as polarizer
32a, which allows the light to pass thorough and reach the
objective 29 and enter the night vision goggles 30.

As the system switches to displaying raster images, the
rotator 32b rotates the raster image, allowing the polariza-
tion analyzer 26 to block most of the light incident at the
entrance pupil of the night vision goggles 30. Light that does
enter the night vision goggles 30 passes through a small
open aperture 41 1n the center of the polarization analyzer
26. This aperture 41 is small enough (e.g., having a diameter
of approximately 0.1 inches) to maintain full acuity of near
infrared raster imagery for all operator-to-screen distances.

The rotation of the rotator 32b and output of the night
vision projector 22 are synchronized by the night vision
image controller 14 so that the binary ir1s function allows for
an optimum entrance pupil size for the night vision goggles
30. This 1s preferably accomplished by switching at a 120 Hz
rate between the two modes of operation, 1.€., raster mode in
which the rotator 32b rotates the polarized near infrared
imagery and calligraphic mode 1n which the rotator 325
allows the polarized calligraphic image to pass through
unaltered, as controlled by data line 19.

As discussed above, the night vision projector 22 time-
multiplexes the display of both raster and calligraphic 1mag-
ery. As used 1n the present invention, the night vision
projector 22 1includes a main, low speed deflection coil
responsible for positioning the projector to project toward
the head-tracked area of interest. The night vision projector
22 uses linear current control through the main deflector coil
for positioning the instantaneous field of view within the
larger field of regard, 1.., the rear projection screen 50.
Because the location of this instantancous field of view 1is
tied to orientation of the operator’s head, it changes rela-
tively slowly. For this reason, the yoke of the main deflection
coll can be a relatively high inductance and high sensitivity
coil, requiring little current and, hence, little power.

As shown 1n FIG. 54, while the night vision projectors 22
are displaying the raster imagery, a conventional resonant
fly-back type horizontal scan 54 1s used. This mode 1s also
low power because most of the energy of the fly-back retrace
1s recaptured to drive the active sweep. As 1s conventionally
known, geometry correction 1s preferably performed to
correct for second and third order effects of electromagnetic
pincushion and other nonlinearities. This may be accom-
plished through the low inductance windings of a secondary
deflection yoke, as 1s common 1n color or projection CRTs.
This correction also consumes little power because the
amount of geometry correction required within the relatively
small active raster area of interest 1s also relatively small.

During the period of time that the night vision projectors
22 are projecting calligraphic images, as shown 1n FIG. 5b,
the main yoke 1s maintained 1n the same position. The
fly-back sweep 1s temporarily halted and secondary detlec-
tion coils are used to calligraphically position the beam to
draw a series of light points. The beam 1s paused and
refocused for each light to allow very high current levels to
be drawn from the phosphor screen and to create very high
radiance without risk of damaging the phosphor.

The power consumed 1n the CRT deflection system for the
calligraphic mode 1s low for several reasons. First, the
number of very bright lights in the limited instantaneous
field of view of the night vision goggles is likely to be small
and lower intensity lights will be 1maged 1n the raster mode.
Therefore, the duty cycle of the calligraphic mode 1s low, for
example five to ten percent or less. In addition, most of the
beam positioning comes from the high sensitivity main
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yoke, which positions the head tracked field of view within
the field of regard. Therefore, the X-Y calligraphic position-
ing currents are small, resulting 1in low calligraphic power.

In addition to providing stimulation of might vision
cgoggles, the preferred embodiment’s 1nclusion of the night
vision projectors 22 has significant advantages for daytime
visual simulation. The typical chromaticity values for terrain
world-wide are reported 1n the Air Force Camoutlage Hand-
book (AFWAL-TR-86 -1028). When snow cover and water
are eliminated from the list of typical terrains, the range of
chromaticities required to represent the remaining terrain
types 1s shown by the small shaded rectangle in FIG. 6. The
line drawn between two X’s 1n the figure shows the range of
chromaticities that can be represented by the red (P56) and
green (PS3) phosphors which could be used. In prior art
simulation systems, the high resolution red and green beam
penetration CRTs have been used satisfactorily in a two-
color system to satisfy a wide range of visual requirements
for flight simulation training. Because the night vision
projectors 22 are capable of providing high resolution red
images, the projectors 22 may be used to enhance the
resolution of area of interest inset 1mages corresponding, for
example, to the operator’s line of sight. The red-green color
gamut provided by the combination of the high resolution
red CRT used 1n the night vision projectors and the green
CRT used currently to display air targets i the daytime
scene 1s supplemented by lower resolution blue light from
the background projectors when less detail differentiated
water and snow covered scenes are portrayed without the
additional expense of a blue CRT dedicated to the area of
interest. Yet another training task in which this type of
display system may be used 1s carrier landing training. In
carrier landing stmulation, red, green and amber lights of the
Fresnel Lens Optical Landing System (FLOLS) are pre-
sented 1n high resolution, true color and high color saturation
using an appropriate combination of red and green calli-
oraphic light points. The night vision projectors 22 may be
used to generate these light points.

The above described embodiments of the present inven-
fion overcome the problems heretofore encountered by
developers of night vision goggle stimulation systems used
with rear projection displays. The invention provides
extremely wide dynamic range (as much as 140 dB) while
affording adequate depth of focus, critical characteristics
heretofore unseen 1n rear projecting night vision goggle
stimulation systems. As such, the realism of the display
system of the present imnvention surpasses anything previ-
ously available. The present invention has numerous advan-
tages over existing systems, mncluding greater contrast and
dynamic range than dome display systems, greater field of
regard and lower power calligraphic light generation than
collimated flight stmulation displays, greater fidelity 1n fit,
form and crew station interface than helmet mounted night
vision goggle stimulators, greater fidelity 1in the appearance
of night vision 1magery than helmet mounted simulated
displays, and compatibility with high fidelity daytime visual
displays utilizing rear screen projection.

Although the present mmvention has been described 1n
considerable detaill with reference to certain preferred
embodiments thereof, other embodiments are possible.
Theretore, the scope of the appended claims should not be
limited to the description of the preferred embodiments
contained herein.

I claim:

1. A display system for stimulating night vision goggles
comprising:

image generation means for generating video signals

comprising visible background video and NVG video
signals;
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background 1mage projection means operatively con-
nected to the image generation means for receiving the
visible background video signals produced by the
image generation means for projecting background
Images;

NVG 1mage projection means operatively connected to
the 1mage generation means for receiving the NVG
video signals produced by the image generation means
for projecting NVG 1magery, said NVG 1magery
capable of stimulating the night vision goggles and
comprising near infrared raster i1magery and calli-
oraphic 1imagery; and

image processing means for controlling the NVG 1mage
projection means such that the NVG 1mage projection
means time-multiplexes the projection of the near 1nfra-
red raster imagery and the calligraphic imagery.

2. The display system of claim 1 further comprising
means for polarizing the projected NVG 1imagery projected
by the NVG 1mage projection means.

3. The display system of claim 2 wherein the means for
polarizing comprises means for either circularly or linearly
polarizing the projected NVG 1magery.

4. The display system of claim 2 wherein the night vision
cgogeoles have an associated entrance pupil size, the display
system further comprising means for selectively rotating the
polarization of the NVG 1magery and for controlling the
entrance pupil size of the night vision goggles.

5. The display system of claim 4 wherein the means for
selectively rotating the polarization of the NVG imagery and
for controlling the entrance pupil size comprises a polariza-
tion rotater mounted at the NVG 1mage projection means
and a polarization analyzer attached to the night vision
cgogeles, said polarization analyzer comprising a polarizing
filter having a small aperture, wherein only the portion of the
rotated, polarized near infrared raster imagery in alignment
with the aperture will pass through the aperture to stimulate
the night vision goggles as the near infrared imagery 1is
projected.

6. The display system of claim 4 wherein the means for
selectively rotating the polarization of the NVG 1magery
rotates the polarization of the NVG 1magery synchronously
with the time-multiplexed projection of the near imfrared
raster imagery and the calligraphic imagery such that the
near 1nirared raster 1magery 1s projected as the polarization
of the NVG 1magery 1s rotated and the calligraphic imagery
1s projected as the polarization of the NVG 1magery 1s not
rotated.

7. The display system of claim 1 wherein the NVG
imagery 1s capable of stimulating the night vision goggles
over an optical dynamic range up to 140 db.

8. The display system of claim 1 wherein the video signals
ogenerated by the 1mage generation means further comprise
visible, high resolution green video, the display system
further comprising high resolution 1mage projection means
responsive to the visible, high resolution green video pro-
duced by the 1mage generation means for projecting visible,
high resolution green 1magery.

9. The display system of claim 1 further comprising
means for determining the head position of an operator of
the display system, wherein the image generation means
ogenerates appropriate NVG video signals according to the
determined head position of the operator.

10. The display system of claim 1 further comprising
main deflection means for producing positioning signals to
position the NVG 1mage projection means.

11. The display system of claim 10 wherein the main
deflection means produces the positioning signals 1n
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response to the line-of-sight of an operator of the display
system such that the NVG imagery 1s positioned in the
line-of-sight of the operator.

12. The display system of claim 10 further comprising
means for continuously monitoring the horizontal, vertical,
and rotational movement of the operator’s head, and
wherein the positioning signals are indicative of said move-
ment.

13. The display system of claim 10 further comprising
secondary deflection means for modulating the position of
the NVG 1mage projection means for displaying the calli-
graphic 1imagery.

14. The display system of claim 1 further comprising a
plurality of display screens responsive to the background
image projection means and the NVG 1mage projection
means for displaying the background images and the NVG
Imagery.

15. The display system of claim 14 wherein the NVG
image projection means comprises a plurality of image
projectors for projecting the NVG 1imagery, wherein at least
one of the 1mage projectors 1s associated with each display
screen.

16. A flight simulation training system for training opera-
tors 1n the use of night vision goggles comprising;:

image generation means for generating video signals
comprising visible background video and NVG video
signals;

background i1mage projection means operatively con-
nected to the 1mage generation means for receiving the
visible background video signals produced by the
image generation means for projecting background
1mages;

NVG 1mage projection means operatively connected to
the 1mage generation means for receiving the NVG
video signals produced by the 1mage generation means
for projecting NVG 1magery, said NVG 1magery
capable of stimulating the night vision goggles and
comprising near infrared raster imagery and calli-
graphic 1magery;

means for controlling the NVG 1mage projection means
such that the NVG 1mage projection means time-
multiplexes the projection of the near infrared raster
imagery and the calligraphic imagery;

means for polarizing and selectively rotating the NVG
imagery synchronously with the time-multiplexed pro-
jection of the near infrared raster imagery and the
calligraphic 1magery such that the near infrared raster
imagery 1s projected as the polarized NVG 1magery 1s
rotated and the calligraphic imagery 1s projected as the
polarized NVG 1mager 1s not rotated; and

a polarization rotater mounted at the NVG 1mage projec-
tion means and a polarization analyzer attached to the
night vision goggles, said polarization analyzer com-
prising a polarizing {filter having a small aperture,
wherein only the portion of the rotated, polarized near
infrared raster imagery in alignment with the aperture
will pass through the aperture to stimulate the night
vision goggles as the infrared raster 1imagery 1s pro-
jected.

17. The display system of claim 16 further comprising
means for determining the head position of an operator of
the display system, wherein the image generation means
ogenerates appropriate NVG video signals according to the
determined head position of the operator.

18. The display system of claim 16 further comprising
main deflection means for producing positioning signals to
position the NVG 1mage projection means.
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19. The display system of claim 18 wherein the main
deflection means produces the positioning signals 1n
response to the line-of-sight of an operator of the display
system such that the NVG imagery 1s positioned in the
line-of-sight of the operator.

20. The display system of claim 18 further comprising
means for continuously monitoring the horizontal, vertical,
and rotational movement of the operator’s head, and
wherein the positioning signals are mdicative of said move-
ment.

21. The display system of claim 18 further comprising
secondary deflection means for modulating the position of
the NVG 1mage projection means for displaying the calli-
ographic 1magery.

22. A method of displaying images to stimulate night
vision goggles comprising the steps of:

generating video signals comprising visible background

video and NVG video signals;

projecting background images responsive to the generated
visible background video signals;

projecting NVG 1mages responsive to the generated NVG
video signals, wherein said NVG 1mages are capable of
stimulating the night vision goggles and comprise
time-multiplexed near infrared raster imagery and cal-
ligraphic 1imagery; and

polarizing and selectively rotating the NVG 1mages syn-
chronously with the time-multiplexed projected near
infrared raster 1images and the calligraphic imagery
such that the near infrared raster 1mages are projected
as the polarized NVG 1mages are rotated and the
calligraphic 1images are projected as the polarized NVG
Images are not rotated,

wherein said night vision goggles comprise a polarization
rotater and a polarization analyzer, said analyzer com-
prising a polarizing filter having a small aperture,
wherein only the portion of the rotated, polarized near
infrared raster 1magery in alignment with the aperture
will pass through the aperture to stimulate the night
vision goggles as the infrared raster 1imagery 1s pro-
jected.

23. The method of claim 22 further comprising the steps
of determining the head position of an operator of the
display system, and generating appropriate NVG video
signals according to the determined head position of the
operator.

24. The method of claim 23 further comprising the step of
continuously monitoring the horizontal, vertical, and rota-
tional movement of the operator’s head, and wherein the
NVG video signals are generated based on said movement.

25. The method of claim 22 further comprising the step of
producing positioning signals to position the projection of
NVG 1mages 1n response to the line-of-sight of an operator
of the display system such that the NVG 1magery 1s posi-
tioned 1n the line-of-sight of the operator.

26. A display system for stimulating night vision goggles
comprising;

an 1mage generator adapted to generate video signals
comprising visible background video and NVG video
signals;

a background 1mage projector operatively connected to
the 1mage generator and adapted to receive the visible
backeground video signals produced by the 1mage gen-
erator to project background 1mages;

an NVG 1mage projector operatively connected to the
image generator adapted to receive the NVG video
signals produced by the 1mage generator to project
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NVG mmagery, said NVG 1magery capable of stimulat-
ing the night vision goggles and comprising near infra-
red raster imagery and calligraphic imagery; and

an 1mage processor adapted to control the NVG 1mage
projector such that the NVG 1mage projector time-
multiplexes the projection of the near infrared raster
imagery and the calligraphic imagery.

27. The display system of claim 26 wherein the night
vision goggles have an associated entrance pupil size, the
system further comprising a polarization rotater mounted at
the NVG 1mage projector and a polarization analyzer
attached to the night vision goggles for either circularly or
linearly polarizing the projected NVG imagery and for
controlling the entrance pupil size of the night vision
cgogeoles, said polarization analyzer comprising a polarizing
filter having a small aperture, wherein only the portion of the
rotated, polarized near infrared raster imagery in alignment
with the aperture will pass through the aperture to stimulate
the night vision goggles as the near infrared raster 1magery
1s projected.

28. The display system of claim 23 wherein the polariza-
fion rotater rotates the polarization of the NVG 1magery
synchronously with the time-multiplexed projection of the
near 1nfrared raster 1imagery and the calligraphic imagery
such that the near infrared raster imagery 1s projected as the
polarization of the NVG 1magery 1s rotated and the calli-

16

ographic imagery 1s projected as the polarization of the NVG
imagery 1s not rotated.

29. The display system of claim 26 wherein the video
signals generated by the 1mage generator further comprise

s visible, high resolution green video, the display system
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further comprising a high resolution 1image projector respon-
sive to the visible, high resolution green video produced by
the 1mage generator for projecting visible, high resolution
green 1magery.

30. The display system of claim 26 further comprising a
head tracker to determine the head position of an operator of
the display system, wherein the image generator genecrates
appropriate NVG video signals according to the determined
head position of the operator.

31. The display system of claim 26 further comprising a
main deflector for producing positioning signals to position
the NVG 1mage projector.

32. The display system of claim 31 wherein the main
deflector produces the positioning signals 1n response to the
line-of-sight of an operator of the display system such that
the NVG 1magery 1s positioned 1n the line-of-sight of the

operator.

33. The display system of claim 31 further comprising a
secondary deflector for modulating the position of the NVG
image projector for displaying the calligraphic imagery.
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